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Disclaimer
This project was written by students at Western Michigan University to fulfill an
engineering curriculum requirement. Western Michigan University makes no representation that
the material contained in this report is error-free or complete in all respects. Persons or
organizations who choose to use this material do so at their own risk.
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Abstract
Additive manufacturing (3D printing) is a rapidly growing technology, though, expensive
printing filament and wasted material make it less affordable and an unsustainable process. The
RePrinter combats these issues by recycling scrap 3D printed plastic parts and household
plastics, such as pop bottles, and creates filament for fused deposition modeling (FDM). This
product is a fully automated system which grinds, extrudes, and spools the filament for
immediate use in FDM. The RePrinter works to control the extrusion speeds and tensions to
optimize precise filament dimensions for quality 3D printing, while delivering the product in a
timely cost effective manner.
Acknowledgements
The team would like to thank our faculty mentor Dr. Lee Wells for his advice and
guidance throughout the project. The team would also like to extend our gratitude to W. Soule,
BENTELER Automotive, Kevin Thomas, Evan Weese, and Andrew Haldeman for their
fabrication assistance.
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Introduction
One of the most exciting and innovative technologies of the 21st century started by
changing the perceptions of manufacturing, additive manufacturing, commonly known as 3D
printing is the manufacturing technique of building three-dimensional objects by layering
material, as opposed to what has been commonplace in the manufacturing sector, machining or
subtractive manufacturing. 3D printing now been refined to a level where practically anyone can
use this tool, which has led to an uptick in its use by designers. It enables a designer to make
tangible, testable part to make final designs more accurately and ultimately cheaper. However,
on a smaller scale 3D printing is not yet very cost effective for individuals and produces a large
amount of waste. Though Fused Deposition Modeling (FDM) printers, print with a majority
thermoplastic filament which is entirely recyclable and can be recycled into “new” printer
filament. By our estimates this greatly reduces cost and helps to make 3D printing more
sustainable. This project seeks to develop a functional alpha prototype of the RePrinter, test the
prototype to ensure its functionality, set plans for a beta prototype that are reinforced by the test
data and research the marketability of the RePrinter.
Background
Additive Manufacturing and 3D Printing
As mentioned above 3D printing is the process of adding material in a small layer, in a
certain pattern, as more layers are compiled the desired part is manufactured from the bottom up.
For this project, fused deposition modeling (FDM) 3D printing will be focused on, as it is one of
the more popular and widespread additive manufacturing technologies. In FDM, a
stereolithography (STL) file is generally created of the object which will be made. A STL file is
a type of Computer Aided Design (CAD) which displays only the surface geometry of a 3D
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object which was made if three dimensional triangles. This file then undergoes an operation
called “slicing” in which the STL file is converted into a series of thin layers and then converts
those layers into G-Code for the 3D printer to read. When 3D printing, there are additions that
help the physical process to produce a part that is as close as possible to the exact dimensions of
the designed part. For example, support material can be generated to support material that
cantilevers out from the main body of the print. Even the most advanced 3D printers are only
capable of printing on a 45-degree angle with respect to the build platform and when a small
angle is required, support material can be used. The downside of support material is that it serves
no purpose other than during the manufacturing process, thus introducing waste to the process.
Additionally, a cost that many first time buyers of 3D printers never consider is that of
the filament, the RePrinter allows it’s uses to recycle their used plastics and transform them into
3D printer filament. With landfills around the world filling up with more and more plastic, we
want this revolutionary technology to be part of the solution of large problem, not a contributor.
Main Project Objective
As of 2016 the 3D printing industry is expanding at 25.9%, which is almost
unprecedented according to the 2016 Wohlers Report, that is down from 33.8% the previous
year. It seems like such a promising technology, it seems only a matter of time until it will be a
household item. While this product is still looking to reach its breaking point, we want to ensure
that the technology is not contributing to a wasteful culture already in place in much of the
world, but strives to solve this issue. For although 3D printers generate waste, all of which are
entirely plastic which can be recycled. Our RePrinter takes advantage of this fact, and strives to
solve the wasteful nature of 3D printing. For this project, a machine was designed and an initial
prototype was fabricated to establish that our initial assumptions were correct. The prototype is
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broken into four main components; a grinder, extruder, and electrical controls. The grinder takes
the plastic waste or bottles and grinds them into small flakes. The newly created plastic flakes
fall to the extruder section where they are heated until molten and then extruded through a nozzle
which create the desired diameter of filament. The filament then travels to the spooler and is
wound around the spool for easy access. The fourth and often overlooked component is the
electrical controls which work to connect and control all the previous components. The object
was to create a functional prototype, able to integrate all the above components built from a
majority commercial components, for which to test and validate the initial designs and feasibility
of our product.
Scope and Limitations
The ultimate goal of this project was to create a functional prototype that validates the
initial design by producing 3D printer filament. The prototype will then be tested to further
validate the design, and gain information for the beta design. The secondary goal of this project
was to research
Specifications and Requirements
With the goal and scope in mind it was determined that the project should produce a
theoretically feasible design, build an initial prototype and test the prototype to validate both the
design and the feasibility for this product to be used in a household environment.
Proposal
Solutions and Alternatives
There a currently products on the market that will compete with the RePrinter. However,
these competitors either only solve parts of the problem or are very expensive and the purchase
could only be justified by larger organizations. Since our target markets are schools and home
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use, a lower price point is ideal. Table 1 shows the benchmarking table for the competitors of the
RePrinter. The ProtoCycler is the only option that provides a solution like the RePrinter however
it is currently sold at a much higher price point that the RePrinter.
Table 1: Benchmarking Table

Product
Filabot EX2
Filabot Spooler
Filabot Industrial Reclaimer
The ProtoCycler
The Cruncher
FilaFab PRO 350 EX
Filastruder
Winder with Filapull
Filament Extruder ADVANCED

Uses
(Extruded/Grinder/Roller)
Extruder
Spooler
Grinder
All
Grinder
Extruder
Extruder
Spooler
Extruder, Spooler

Cost
$ 2,499.00
$ 1,200.00
$ 4,200.00
$ 1,000.00
$ 450.00
$ 1,669.00
$ 299.00
$ 718.00
$ 4,622.00

Alpha Prototype Design and Analysis
The RePrinter transforms plastic waste into to useable 3D printer filament. There are
three main portions of the machine that allow it to complete its task. The first is the grinder. The
grinder turns the plastic waste into small chips that allow it be extruded. The second is the
extruder. The extruder tastes the plastic chips, heats them up and turns them into 3D printer
filament. The final step is the spooler. The spooler winds the filament around a spool to prepare
it for use in a 3D printer. The final portion of the RePrinter is the electronics. The RePrinter is
controlled from one user friendly control panel.
Grinder
The grinder is the first step in the process of RePrinter. There are four main
subcomponents of the grinder; the motor, the grinder housing, the blades, and the guarding. All
four of these components play a critical role in the grinding process. To start the design process,
a large amount of research was completed on how to optimally design the grinder, grinding
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plastic is not a new or revolutionary idea, though it is mostly done industrially, which offered a
challenge to scale this technology to the home.
Some design elements for the grinder were to determine the size of the grinder area and
how many blades were to be used in the design. First, the size of the grinding area needed to be
determined. The RePrinter is designed to be able to grinder the plastic waste as big as a plastic
bottle. Figure 3 shows the frame size that would allow for an entire plastic water bottle to be
ground at once. Once this was determined the number of blades needed to be optimized. The
blades needed to be nominal thickness of metal so a thickness of ¼” was used. Finite element
analysis in Solidworks was used to analyze the thickness of these blades to verify that they
would not yield under the forces that they were subjected to. The results of this analysis are
shown in Figure 2.

Figure 1: Blade Stress Analysis

Figure 2: Blade Stress Results
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Figure 3: Grinder Top View
Once these calculations were completed it was determined that the grinder should have fifteen
blades that would spin at a high rate of speed, to theoretically achieve optimal plastic chips.
Counter blades were added to the design to act similarly to scissors to effectively shear the
plastic waste into smaller pieces. These counter blades were affixed to the grinder housing,
ensuring a stable surface to shear against.
To ensure the plastic is being ground into small enough pieces, a grate was added below
the blades to ensure that any pieces of non-optimal size were again ground until they reached
optimal size. The size of the holes in the grate was determined to be a 10-cm diameter, as this
was determined to be the optimal size for both the transportation and melting processes. Once the
overall design idea was completed, the designs were then drawn in three-dimensional CAD
software, so that it could be visualized, and dimensions could give scale to the theoretical
calculations. The grinder housing was designed to adequately support and house the counter
blades, the bearings and the shaft as well as the guarding. Figure 4 shows the grinding housing
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design.

Figure 4: Grinder Housing
When designing all grinder components, ease of fabrication was deemed a critical
component, as any future designs would need to be easy to manufacture. The housing, blades,
counter blades, and shaft were made from carbon steel as it was durable and not prone to wear.
To adequately design the grinder housing, the fundamental element analysis (FEA) for
completed in Solidworks. The first was a vibration analysis. The shaft is designed to operate at a
maximum of 2700 RPM, this was inputted into the FEA. Then the simulation was completed to
determine the natural frequency of the structure. Figure 5 shows the results of the natural
frequency.
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Figure 5: Natural Frequency of Grinder Housing
Once the natural frequency was determined to greater than 180 hz. Equation 1 is the conversion
from revolutions per minute to hertz.
Equation 1
𝑟𝑒𝑣
1
)∗
𝑚𝑖𝑛 60
The grinder is designed to operate at a maximum speed of 2700 rpm, using Equation 1 the
𝐻𝑒𝑟𝑡𝑧 = (

frequency will be 45 hz. This is well below the natural frequency of the grinder housing.
Since the motor will operate below this range, it will not cause any detrimental failure to the
grinder housing. Figure 6 shows amplitude plot for the vibrational analysis.
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Figure 6: Results of Frequency Analysis

The blade profiles were designed to provide optimal cutting and to reduce torque
requirements. The blades were then fabricated using a laser cutting machine by a local
contractor. Hexagon bar stock was as the shaft for the blades so that the blades would not spin
freely, the blades have a similar hexagon cutout so they can brace against the shaft without
shearing the edges of the hexagon. Figure 7 shows the blade profile.
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Figure 7: Blade Profile
The hexagon bar stock was machined at the both ends into a circular cross section, which
allowed the bearings to fit over the shaft and allowed the entire section to rotate. Figure 8 shows
the shaft profile.

Figure 8: Shaft Profile
The blades are then slid onto the shaft and separated by spacers to ensure that there is no
collision between the blades and the counter blades. Figure 9, Figure 10, and Figure 11 show the
profiles of the spacers and counter blades.
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Figure 9: Large Counter Blade Profile

Figure 10: Small Counter Blade Profile

Figure 11: Spacer Profile

Although the motor could be theoretically sized, because it was an expensive component,
it was decided to properly size the motor, that the grinder housing and blades were to be
fabricated first and then the mechanism would be tested to see how much torque was needed to
shear plastic. This was done by inserting plastic waste into the grinder and finding when the
plastic sheared, and recording the torque. By this process the maximum torque to shear the
plastic was determined. The maximum torque required was determined to be 250 ft-lbs.

Once the maximum torque required was found. The next step in the design process was to
source a motor to power the grinder. The motor needed to meet our torque requirement, to be
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able to power by single phase, and be as cost effective as possible. After researching possible
options, it was determined that the most cost effective option was to use a corded impact driver.
The impact driver chosen had a maximum torque output of 400 ft-lbs. It was also powered using
single phase. The use of a drill also allows users to keep provide their own motor which will
allow the RePrinter to be marketed for a cheaper price.
Once the motor was selected a stand was designed and fabricated to support the drill. The
stand was also designed to house all the electronics. The stand was designed to support all the
forces produced during operation of the grinder. The stand was also designed to make accessing
the electronics as easy as possible. Since an impact driver was chosen as the motor, the next task
was to design a way for the motor to transmit power to the shredder. This was done using a key.
A slot was machined into the shaft. A hex nut was then machined to have an inside diameter to
match the outside diameter of the shaft. A key slot was also machined in the nut. Key stock was
inserted into the gap to transmit power from the drill to the shredder. Figure 12 shows the final
grinder design.

Figure 12: Grinder Design
During the initial phase of testing, it was determined that additional guarding was needed
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to design a safe machine. Plexiglas was used to build a frame that was fixed to the top of the
grinder. This design can be shown in Figure 13.

Figure 13: Guarding Frame
To load the plastic waste into the grinder a ram was designed. During testing, it was determined
that in order to the grinder to work as designed, the system must be closed during operation. The
ram has designed with this objective in mind. Figure 14 shows the design for the ram.
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Figure 14: Ram design

Figure 15: Grinder and Guarding Assembly
During the testing for the grinder, a few key shortcomings in the existing design were exposed.
These included, a lack of guarding, alignment issues, blade and counter blade spacing, and ease
of assembly. One key shortcoming was the lack of guarding, this was able to be solved without
building a new prototype with the addition of the safety guarding and ram.
The existing design had issues with proper alignment of blade and counter blades. Since
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the existing design mechanism works like a scissor mechanism, the blades must have small gaps
to be more effective. During the fabrication of the prototype it was often required to assemble
and disassemble to grinder. This task was very time consuming, so slight modifications were
made to prototype alpha to make this process easier. This is something that will be focused on
more during the next design phase.
The RePrinter is designed to be a desktop machine. To meet this, a lightweight and easily
portable machine is critical. The alpha prototype weighs approximately 65lbs.
Extruder
The overall goal of this section is to transport the plastic to be heated and shaped
into the desired filament size. The extrusion section of the RePrinter consists of multiple parts
including; the wiper motor, auger bit, heating band, thermocouple, nozzle, adapter, and small
plastic chips generated by the grinder. The basic theory is to move the plastic pieces towards the
heat (energy) to be melted and pushed out a nozzle to form filament.

Figure 16: Extrusion Section
In order to understand the process, a description of the parts is necessary. Figure 16 identifies the
location of each part.
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Components:
The nozzle, the small die at the end of the extrusion section, has one end that has a small
diameter, one sixteenth of an inch that will be the output area of the melted plastic. The size of
the nozzle for the outlet of the plastic is the beginning step to getting the melted plastic at the
desired diameter. The other end of the nozzle is large, about half an inch in diameter, and is used
to funnel the plastic to the smaller end of the nozzle. The nozzle is made of a heat-treated tool
steel, so it will withstand a large amount of wear and heat without deformation.
The adapter is a carbon steel machined piece of metal that is used to house the nozzle for
connection to the pipe. Since the nozzle is too small to be securely fit into the pipe, a carbon steel
piece was machined to fit the nozzle and was designed to be welded onto the stainless-steel pipe.
The adapter outer diameter was machined to fit the size of the heating band.
The heating band heats the adapter and the thermal energy from the band conducts
through the other materials.
The stainless-steel pipe, 1” schedule 80, is used as a passageway for the plastic to travel
and to be heated in.

21
The thermocouple was inserted into the stainless-steel pipe about a half an inch away
from the adapter. This component produces a small voltage from a temperature difference in the
metals, usually in millivolts based on the Seebeck Effect, which a controller detects and converts
into a temperature value.

Figure 17: Extrusion Process
Alpha Design Considerations:
Preliminary designs believed, similarly to 3D printers, the nozzle itself was the only part
of the process that needed to be at the melting temperature of the plastic to extrude plastic. This
was true, but there were other factors that were not at first considered. A 3D printer uses stepper
motors to force the filament into the heated section, or the tip. Similarly, the RePrinter uses a
wiper motor to provide a torque to the auger bit for the auger bit to drive the plastic into the
heated section, or the nozzle. With this idea in mind, only one heating band was used to provide
the energy to melt the plastic.
It should be noted that the temperature of the extrusion section should never exceed the
melting temperature or print temperature of the plastic because the plastic would burn. Burnt
plastic can be toxic and it also does not produce quality filament (Schwartz). To address these
issues, a thermocouple was used to monitor the temperature of the plastic.
To control the temperature in the pipe, a proportional integral derivative controller (PID)
was connected with the thermocouple. The PID controller reads the temperature of the
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thermocouple and will turn the heating band on or off depending on the control temperature that
is set on the PID. The thermocouple is located a half inch away from the heating band and this is
important because there will be energy losses in the system as the energy travels throughout.
This means that the temperatures along the pipe will decrease as you travel away from the
heating band. This temperature gradient and energy losses can be contributed to the type of
material used, air, plastic, and the part connections. The lower temperature of the thermocouple
should be taken into consideration when setting the heating band control temperature on the PID.
Since the thermocouple is located at a distance away from the heating band it takes time
for the energy to travel from the heating band to the thermocouple. This means that the
thermocouple is not reading the real time temperature of the heating band. Because it does not
read the real time temperature of the heating band, there is a temperature range in the nozzle that
is undesirable. The goal is to have a constant temperature of 230 °C for ABS plastic (RepRap,
ABS). The temperature ranges of the nozzle with the heating band turning on and off was about
40 °C. The proportional, integral, and derivative values in the PID can be changed to account for
this issue of the thermocouple readings and decrease the nozzle temperature range.
Thermal Analysis:
To complete extruding trials, a proper PID control temperature needed to be determined.
This control temperature was found by monitoring the temperature of the nozzle with a laser
temperature thermometer. Table 2 shows the average temperature values of the nozzle with
different control temperatures. Table 2 details the nozzle temperature when the heating band
turned on and when it turned off for two trials at the set temperature. When the heating band
turns on the nozzle will be at its lowest temperature and when the heating band turns off the
nozzle will be at its highest temperature. These temperature ranges are recorded in Table 2. The
initial goal was to reach a constant nozzle temperature of 230 ˚C because this was the melting
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temperature of the plastic that is being extruded (ABS). The control temperature of 133.1 ˚C
never allowed the nozzle to reach the goal temperature so only one test was completed. The
control temperature of 136.0 ˚C was tested and the maximum temperatures reached were almost
250 ˚C which was too hot. When the temperature was this high the ABS plastic would have air
pockets and this ruined the quality of the filament. The control temperature of 134.6 ˚C was
tested in the next trial and produced desirable values of a maximum temperature of 234 ˚C. This
control temperature value was used to complete the first extruding trials.
Table 2: Nozzle Temperature Test Results
Nozzle Temperatures (˚C)
Control
133.1
136.0
Temperature
Average Turn ON
180
209
Temperature
Average Turn OFF
220
241.5
Temperature

134.6
190.5
234

For the first few extruding trials, the system would output filament for about an hour and
then the wiper motor would not be able to produce enough torque to turn the auger bit and drive
the plastic through the nozzle. The wiper motor could output about 13.5-17.5 lbs-ft (Terry) of
torque. An analysis needed to be done on the system to understand why the system was
surpassing the maximum torque output of the wiper motor.
After an analysis was done on the system, it was determined that the plastic was being
compacted at the end of the pipe and not flowing through the system as desired. This meant that
the plastic was not receiving enough energy to be melted. To address this issue a thermal
analysis on the system was performed in order to see the exact energy distribution throughout the
system.
A short theoretical analysis was completed to understand the heat transfer through the
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system. The thermal energy will travel differently through a medium depending on the type of
material. The property that indicates how well thermal energy travels through the material is
called the thermal conductivity. In this case, the adapter is carbon steel and the pipe is 316
stainless steel and they have thermal conductivities of 36-54 (ToolBox) and 13-17 (AZoM),
respectively. This means that the thermal energy will travel better in the carbon steel adapter
compared to the stainless-steel pipe. Carbon steel could have been used as the pipe material, but
stainless steel was the material of choice because of the wear resistant properties. Another
notable area of possible heat transfer problems would be in the connection from the adapter to
the pipe. The two materials were welded together, but this was not a full penetration weld. This
allows less area for the thermal energy to travel through the pipe by means of conduction. The
plastic itself will also be taking the energy away from the system. All this information would
conclude that the heat applied to the adapter section will be transferred well, but this transfer will
decrease significantly as it travels through the pipe due to low thermal conductivity, the loss of
energy in the plastic, and loss of energy to the surrounding air.

PID Controller Set at 136.0˚C
Temperature (˚C)

250
200
150
100
50
0
0

0.5

1

1.5

2
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Position on Pipe (Inches)
Average Temperatures

Goal Temperature Value

Figure 18: Experimental Temperatures at 136.0°C
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PID Controller Set at 134.6 ˚C
Temperature (˚C)
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Figure 19: Experimental Temperatures at 134.6°C
Experimental temperature values were taken to obtain exact values of the temperatures at
different lengths on the pipe with a laser temperature thermometer. Data was taken for the two
control temperature values, 136.0 ˚C and 134.6 ˚C, and the average temperature values are
shown in Figure 18 and Figure 19. The distance away from the heating band is detailed on the
abscissa and the temperatures are on the ordinate. Both of these graphs show that the external
temperatures on the stainless-steel pipe are significantly below the goal temperature of 230 °C.
The highest value in the pipe never reached 150 °C and this was at a half inch from the heating
band. At two inches away from the heating band the pipe temperature was almost at ambient
room temperature. This meant that all the energy was either lost or consumed by this point in the
process of extrusion.
After the temperature analysis was completed the system itself was analyzed with the
known temperature gradient. The auger bit tip terminates about three quarters of an inch from
the end of the pipe. This means that most of the plastic surrounding the auger bit was not
receiving enough energy to be melted. This is what caused the plastic to be compressed and
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eventually torque out the wiper motor. To address this issue another heat source should be used.
It would be beneficial to raise all the temperatures on the pipe to the 230 °C value. Since most of
the heat is needed around the one to two-inch area it would be proper to place the heat source
within this area. The thermal energy from the second heat source, in combination with the first
heat source should be able to increase the temperature gradient of pipe to the goal temperature.
Another experimental analysis should be completed when the second heat source is applied.
This includes finding a new control temperature value for the PID and plotting the temperature
gradient to fully understand the heat transfer in the system.
All the thermal analysis was done with ABS plastic for simplicity and proving the
concept of extruding plastic. There are many other plastics that can be extruded and they all
have different optimal printing temperatures. For instance, PLA plastics printing temperature is
185 °C (RepRap, PLA). These different temperatures should be taken into consideration when
the control temperature and goal temperatures are being determined.

Spooler
Once the filament has come through the extruder, it is still hot and starting to shrink as it
cools with contact to the air. The filament is taken and hooked on the reel directly in front of the
extrusion section. As filament is extruded the reel rotates and captures the new filament along its
circumference. The speed of the rotation can be easily changed to match varying extrusion
speeds by twisting a dial, potentiometer, on the control panel. The goal of the spooler section is
to take this filament and wind it around a spool for easy storage. This makes the filament not
only easy to store, but most FDM printers are made to use the filament from a spool, as this
provides easy transport for the filament into the printer.
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Components
The most prevalent section of the spooler, is the reel on which the finished filament sits
upon. To reduce the cost of our prototype, we chose to source a popular commercial extension
cord winder. This can be seen in Figure 20. The lightweight nature of the reel allows for a
varying placement, and can be useful for adaptation to different environments. The self-crank
handle on the spool offers an alternative to the motorized section that is outlined in this paper,
again this can be utilized to decrease the initial cost of the product.

Figure 20: Bayco K-100 Cord Reel
For this project, it was decided that if this product were to compete with rival products on
the market, the filament should be mechanically spooled without human interaction. The motor
chosen would need to produce relatively high torque, as with a full spool it would be rotating
approximately 2 to 3 kg of filament, which translated to just over 3 Nm of torque. To refine the
process and make it as hands free as possible, the motor needed to be accurately controlled so the
filament being extruded did not have deviation induced by a fluctuation of speed induced by the
chosen motor. The optimum choice was determined to be a Nema 17 planetary geared stepper
motor, which outputs a loaded torque of 4 Nm, and could be controlled to a step angle of 1.8°.
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This motor is shown in Figure 21.

Figure 21: Nema 17 with a 100:1 Orbital Gearbox

The stepper motor is driven by an Arduino Uno, which process the resistance inputs from a 10k
Ω potentiometer and transfers these values to a SN754410NE H-Bridge, which acts as a
controller for the stepper motor. The motor speed is thereby controlled by a potentiometer, this
was useful for determining optimal speed during testing, and an expanded wiring diagram can be
seen in the electronics section below.
The code that was uploaded to the Arduino, is edited code that Arduino recommends for
when designing a stepper motor circuit, though edits have been made, the original author, Tom
Inge, has been credited within the code.
/*
Stepper Motor Control - speed control
This program drives a unipolar or bipolar stepper motor.
The motor is attached to digital pins 8 - 11 of the Arduino.
A potentiometer is connected to analog input 0.
The motor will rotate in a clockwise direction. The higher the
potentiometer value,
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the faster the motor speed. Because setSpeed() sets the delay
between steps,
you may notice the motor is less responsive to changes in the
sensor value at
low speeds.
Created 30 Nov. 2009
Modified 28 Oct 2010
by Tom Igoe
*/
#include <Stepper.h>
const int stepsPerRevolution = 200;
number of steps per revolution
// for your motor

// change this to fit the

// initialize the stepper library on pins 8 through 11:
Stepper myStepper(stepsPerRevolution, 8, 9, 10, 11);
int stepCount = 0;

// number of steps the motor has taken

void setup() {
// nothing to do inside the setup
}
void loop() {
// read the sensor value:
int sensorReading = analogRead(A0);
// map it to a range from 0 to 100:
int motorSpeed = map(sensorReading, 0, 1023, 0, 100);
// set the motor speed:
if (motorSpeed > 0) {
myStepper.setSpeed(motorSpeed);
// step 1/100 of a revolution:
myStepper.step(stepsPerRevolution / 100);
}
}

This code uses the 10K Ω potentiometer as a sensor of sorts, so as the resistance varies and is
relayed to the Arduino, whose code makes it possible to interpret this value as a static speed.
This speed is then given to the H-bridge controller as the controlled speed, and relayed to the
coils within the stepper motor.
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To transfer the torque from the stepper motor to the reel, an insert was designed to act as
a couple between the output shaft of the motor and the axle of the reel.

Figure 22: Reel Insert
The inset was designed to take advantage of the four stiffeners within the inner radius of
the axle on the spooler, and utilize them as brace plates to turn the axle. As can be seen in Figure
22, the insert has a circular shaft cutout with a flat edge to fit the stepper motor output shaft. The
insert, FDM printed from ABS plastic, was chosen because its durable and easily readable
plastic. Making this component 3D printed allows for easy adaptations for other electric cord
reels, and allows the product to easily be packaged as a “kit” option with DIY options.
The entire configuration of motor, insert and reel are conjoined by the motor housing,
which is shown Figure 23.
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Figure 23: Motor Housing
This was designed to fit the Nema 17 motor to nest within the upper shelf, bracing
against the sidewalls. The two extrusions on either side of the upper shelf were designed to fit
within the stand of the reel, so that the entire spooling section operates a semi-single piece. This
was done to limit movement of the spooling components, so control of the diameter of the
filament can be done as easily as possible. The entire conjunction of these parts in orientation
can be seen in the below figure.
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Figure 24: Spooler Assembly

Electronics
The power and control of this entire system, was done from a series of controllers,
sensors and various electronic parts, which was housed with the drill, within the housing, the
placement is shown below in part 4. The electronics were housed in this location to protect and
shield all the components, while giving the design a cleaner look. It should be noted that there is
a fan forcing air within the housing from the left, and a fan forcing out the warmer air over the
drill in the top of the drill housing.
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Figure 25: The RePrinter
The circuit diagram detailing all the components in the drill housing can be seen in Figure 25,
some components have been called out for ease of reading.
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Figure 26: RePrinter Circuit Diagram
Power comes into the system from a basic wall outlet, 110/220 V, 15A as is most common in
residential and educational areas, though there was a 15A fuse added for safety, to ensure that the
RePrinter was not drawing too many amps. During testing, the RePrinter system drew a
maximum of 13.4 A with an average of about 8 during operation, so although there is no reason
to believe the system would pull more amperage than this, the fuse was added a measure of
precaution. Other items of note are the series of switches for power, supplemental cooling fan,
extrusion motor, heat band, and spooling motor, this was done for ease of access, as well as to
ensure safe operation of the RePrinter. Both the extrusion motor and the spooler motor are
controlled by potentiometers so the speed of either can be independently operated from the
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system. It is also important to note that there is a difference in supply voltages for our
components, which is why there is a 12V and a 5V power supplies within the diagram, which
lent itself well to testing, this may be streamlined in future iterations,
Financial Analysis
As 3D printers continue to develop further they become more accessible to consumers.
As the number of 3D printers so does the market increases the market for the RePrinter grows.
To further validate the feasibility of introducing the RePrinter to the market, two different
financial analyses were completed. It is planned to develop two models of the RePrinter. Each
model will be developed to be marketed towards a specific target market. Each model will have
the same principles of operation however the features and user interface will be optimized based
on target market.
Target Markets
The RePrinter has two main sectors in its target market. The first target market wants a
RePrinter that is simple to operate through an enhanced user interface. Also, this sector does not
have as much interest in how the machine works, but rather simply having a reliable machine
that performs as designed with minimal downtime. This market sector consists of the education
and industrial sector. In the education sector, there has been a significant increase in funding for
STEM programs in higher education. This creates a rapidly growing market for the RePrinter is
this area. The other part of this target market for the RePrinter will be industrial sector. More
companies are investing in rapid prototyping to save both time and money. 3D printing is a very
popular method for rapid prototyping. As the number of companies that own 3D printers
increase, the market for the RePrinter increases as well.
The other target market that the RePrinter will be focused on wants to know how the
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machine works and be able to make modifications to the machine if they want. This sector also is
more interested in a cost-effective product that is easy to transport and store. This target market
is everyday consumers. This target market consists of the early adopters of 3D printers for home
use. The RePrinter that will be developed for this market will have a lower price point and will
be easier to make modifications to.
Return on Investment (ROI)
When evaluating the feasibility of introducing the RePrinter to market, return on
investment calculations were completed. To complete these calculations, certain values must be
inputted.
Table 3: Return on Investment Inputs

The required inputs are shown in Table 3. The RePrinter will be marketed for $700. This is 30%
lower than the leading competitors. It is assumed that the RePrinter will consume approximately
$1 per hour of use. While the RePrinter is capable of recycling 100% plastic waste, the operator
does have the option to use extrusion grade plastic pellets in addition to plastic waste. If enough
plastic waste is not available this could be a valuable option. However, for these calculations it is
assumed that 100% plastic waste is being used. For part of this calculation, the number of
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working hours per month is a necessary input as well as spools required per month. The term for
the return on investment is also required. After some research, a twenty-four-month ROI was
selected. It is also necessary to input the current cost of purchasing a spool, its size, and the
diameter of this filament.
The results of the return on investment calculations can be seen in Table 4. Based off the
given inputs, a spool could be made for $1.64. This is a significant cost savings to purchasing a
spool via traditional methods.
Table 4: ROI Analysis Results

To gain a better understanding of the optimal price point for the RePrinter to be
marketed, additional analysis was needed. Using the ROI analysis described above, the cost of
the RePrinter was varied to create the graph shown in Figure 27. Figure 27 is a plot of cost of
spool versus return on investment. Each line denotes a different price point for the RePrinter.
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Figure 27: ROI vs. Cost of Spool depending on Cost of RePrinter
Another key factor in the ROI analysis is the working hours per month. To further
analyze this variable, the working hours per month was varied to develop Figure 28. Figure 28 is
a plot of ROI versus cost of spool depending on working hours per month.
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Figure 28: ROI vs. Cost of Spool depending on Monthly Usage
As the RePrinter continues to develop into a consumer product, the feasibility of
introducing it to market will always be an important factor to consider.
Beta Prototype Initial Designs
Grinder
As mentioned above there were a few major shortcomings with the grinder in the alpha
prototype. These included; a lack of guarding, alignment issues, blade and counter blade spacing,
and ease of assembly. Some of these problems could be solved by modifying the alpha
prototype, however all issues can further improvement during the design phase of the beta
prototype.
Initially during the testing of the alpha prototype, guarding was considered only for the
safety of the tester, though as the prototype matured, the opportunity to prototype guards that
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could be used in more commercial iterations emerged. This lead to the guarding on the grinder
being installed on the alpha prototype. The beta prototype should feature a magnet “deadman”
switch so that the grinder cannot operate if the grinder is not fully enclosed. For the beta
prototype a more advanced loading system is being designed. This will allow the grinder to run
continuously and decrease the grinding time.
Another issue highlighted was the alignment issues and blade spacing. The blade and
counter blade spacing is determined by spacers. By changing the thickness of the metal that these
spacers are fabricated from, the spacing could be better optimized. This would theoretically fix
alignment issues that were highlighted in the alpha prototype.
The Occupational Safety and Health Administration (OSHA) states that no one person
shall lift more 50lbs in a work environment. To comply with this regulation, the beta prototype
of the RePrinter will need to be lighter and small. The grinder accounts for 74% of the weight of
the RePrinter, so in the beta prototype 3D printing will be utilized as a manufacturing process for
a large portion of the grinder components. Since carbon fiber is five times lighter than carbon
steel, this will allow for significant weight savings.

Extruder
The extrusion section has a few more areas that could be changed for optimal
performance. These include changing the PID values, adding another heat source, analyzing a
system without an adapter, and implementing a control system that would change the wiper
motor speed depending on the output size of the filament. These additions would make the
RePrinter one of the best quality machines in its industry. Another consideration for the
extrusion section is in the safety department. The nozzle and pipe reach temperatures that should

41
not be touched by humans. A safety mechanism needs to be designed to protect users from
touching these hot components.
Spooler
In the beta prototype, the extruder version would have less human interaction with the
final output. This would be accomplished by the utilization of a feedback control system, with
the diameter of the filament being measured, and using that information to control the extrusion
speeds. The spooling speed as well would be linearly changed with the extrusion speed to better
coil the new filament. These are speeds that can be determined from the initial alpha prototype,
though a trough would need to be added to facilitate the warm filament reaching the spool.
Electronics
A major change the electronics would see in the beta prototype would be the integration
of more specific components, for the beta prototype, off the shelf components were used, which
results potentially in components that stretch to reach their required functions. It would also help
to use specifically made prototype boards that would be much more reliable, and allow for a
better use of space, potentially requiring much less cooling by optimizing the spacing within the
housing.
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Appendices
Parts Lists
ITEM PART NUMBER
NO.

TOTAL
COST

A

$

A1
A1.1
A1.2
A1.3
A1.4
A2
A3
A4
A5
B
B1
B2
B3
B4
B5
B6
B7
B8
C

QTY. WEIGHT ASSEMBLY/FAB COST
[LBS]
TIME [HR]
PER
ITEM
1
0.5
$
FRAME
Main Frame
2
3.71
2
$
4.29
Frame 1
1
2.19
$
2.53
Frame 2
1
0.36
$
0.42
Frame 3
2
0.52
$
0.60
Frame 4
1
0.64
$
0.74
Pipe Mount
1
2.14
0.5
$
2.47
U-BOLT
2
$
1.52
18-8 Stainless Steel
4
$
Hex Head Cap Screw
0.40
Round Thumb Nut W/ 4
$
Flange
3.16
3
$
EXTRUDER
1
Sch80 S/S Unthreaded 1
$
Welded Pipe
24.71
Auger Bit
1
$
48.63
Heating Band
1
$
30.62
Low-Profile Base
1
$
Mounted Ball Brng
10.95
3/4'' Spacer
1
0.09
$
0.10
Nozzle
1
$
15.00
Bearing
1
$
10.95
Nozzle Adapter
1
0.58
2
$
0.67
1
2
$
GRINDER
-

-

$ 8.58
$ 2.53
$ 0.42
$ 1.20
$ 0.74
$ 2.47
$ 3.04
$ 1.59
$ 12.64
$

-

$ 24.71
$ 48.63
$ 30.62
$ 10.95
$ 0.10
$ 15.00
$ 10.95
$ 0.67
$

-
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C1
C2
C2.1

Low-Profile Flange
Mounted Ball Brng
Frame
Side Plate 1

2
1

2

1

0.5

C2.1.1

Bracket Bottom

1

0.72

C2.1.2

Side Plate

1

3.13

C2.1.3

Bracket Top

1

0.72

C2.2

Side Plate 2

1

C2.2.1

Side Plate

1

3.13

C2.2.2

Bracket Top

1

0.72

C2.2.3

Bracket Bottom

1

0.72

Frame Input
Subassembly
Frame Input Piece
(1)
Frame Input Piece
(2)
Frame Input Piece
(3)
Frame Input Piece
Bottom
Frame Output
Subassembly
Frame Output (1)

1

C2.3
C2.3.1
C2.3.2
C2.3.3
C2.3.4
C2.4
C2.4.1

0.5

1

2

0.16

1

0.34

1

0.72

1

1.07

1

1

2

0.24

C2.4.2

Frame Output (2)

1

0.31

C2.4.3

Frame Output (3)

1

0.31

C2.4.4

Frame Output (4)

1

1.07

C3

Sorter

1

1

C3.1

Mounting Plate

2

0.17

C3.2

Mesh

1

0.29

$
11.90
$
$
$
0.83
$
3.62
$
0.83
$
$
3.62
$
0.83
$
0.83
$
$
0.18
$
0.39
$
0.83
$
1.24
$
$
0.28
$
0.36
$
0.36
$
1.24
$
$
0.20
$
0.34

$ 23.80
$

-

$

-

$ 0.83
$ 3.62
$ 0.83
$

-

$ 3.62
$ 0.83
$ 0.83
$

-

$ 0.37
$ 0.39
$ 0.83
$ 1.24
$

-

$ 0.55
$ 0.36
$ 0.36
$ 1.24
$

-

$ 0.39
$ 0.34
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C4

Blade Assembly

1

0.75

C4.1

Blade (1)

5

0.39

C4.2

Blade (2)

5

0.39

C4.3

Blade (3)

4

0.39

C5

Shaft

1

2.82

C6

Shaft Spacer

2

0.02

C7

Counter Blade
Assembly
Hex Spacer

1

C7.1
C7.2
C7.3

0.25

0.5

14

0.16

Counter Blade - Big 14

0.28

14

C8

Counter Blade Small
Bearing

C9
D

Shaft Collar
DRILL MOUNT

1
1

D1

D3

Drill Mount Fixed
1
Piece
Drill Mount Moveable 2
Piece
Drill Mount Frame
1

E

GUARDING

1

0.25

E1

Fixed Guarding

1

0.5

E1.1

Guard Frame

1

2.4

E1.2

Angle Clip

8

0.05

D2

E2

Moveable Guide

0.26

2

0.5
2.81
1.01
4

1

0.5

E2.1

Moveable Guide

1

1.4

E2.2

Angle Clip

8

0.05

$
$
0.45
$
0.45
$
0.45
$
3.26
$
0.02
$
$
0.18
$
0.32
$
0.30
$
11.90
11.34
$
$
3.25
$
1.17
$
4.62
$
$
$
2.91
$
0.06
$
$
1.70
$
0.06

$

-

$ 2.25
$ 2.25
$ 1.80
$ 3.26
$ 0.05
$

-

$ 2.59
$ 4.53
$ 4.21
$ 23.80
$ 11.34
$ $ 3.25
$ 2.34
$ 4.62
$

-

$

-

$ 2.91
$ 0.46
$

-

$ 1.70
$ 0.46
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F
F1

F3

Hardware
18-8 Stainless Steel
16
Hex Head Cap Screw
Round Thumb Nut W/ 4
Flange
Steel Hex Nuts
28

F4

Wood Screws

G
G1

Motors
Stepper Motor

G2

Drill

1

G3

Wiper Motor

1

H
H1

Electronics
12V Power Supply

1
1

H2

5V Power Supply

2

H3

DC Fan

2

H4

Wiring

1

H5

1

H6

Wiper Motor
Controller
PID Controller

H7
H8

SSR
Fuse Box

1
1

H9

Arduino

1

H10

H-Bridge

1

H11

Fittings

1

H12

Power Strip

1

H13

Switches

2

H14

Total Labor of
Electrical
3D Printing

1

F2

I

20

1

6

$
0.40
$
3.16
$
0.51
$
0.60

$ 6.37

$
53.00
$
99.99
$
40.00

$

$
22.00
$
11.00
$
9.00
$
10.00
$
16.50
$
29.99

$ 22.00

$
6.45
$
18.25
$
10.00
$
5.00
$
3.00
$
5.98

$ 6.45

$ 12.64
$ 14.28
$ 12.00

-

$ 99.99
$ 40.00

$ 22.00
$ 18.00
$ 10.00
$ 16.50
$ 29.99

$ 18.25
$ 10.00
$ 5.00
$ 3.00
$ 11.96
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J
J1
J2

Spooling Section
Cord Reel

$
9.97

$

-
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49

50

51

52

53

54
Drawings
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Decision Matrices
Table 5: Major Design Choices
Alternatives

Revamp
Power
Supply

Reduce
Waste
Heat

Reprogram
Software

RePrinter

Factor

Weight

Cost

20%

3

3

1

3

Weight

20%

1

1

1

1

Ease of Use

15%

1

1

4

5

Manufacturability

15%

2

1

1

3

Sustainability

30%

5

5

3

5

Weighted Scores

100%

2.75

2.6

2.05

3.5

Table 6: Minor Design Choices
Alternatives

Make
Grinder
Aluminum

Reduce
Waste
Heat

Redesign
Drill
Housing

Redesign Feeding
Mechanism

Factor

Weight

Cost

20%

3

4

2

1

Weight

20%

4

1

3

1

Ease of Use

15%

3

1

2

1

Manufacturability

15%

2

1

3

2

Sustainability

30%

2

5

2

2

Weighted Scores

100%

2.75

2.8

4.2

3.15
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Abet questionnaires

Form 1
Student completes
Assessment of Student Outcome #c
ME 4800
“An ability to design a system, component, or process to meet desired needs within realistic
constraints such as economic, environmental, social , political ethical, health and safety,
manufacturability and sustainability” is listed in ABET General Criterion 3. Student
Outcomes as one of the student outcomes to be assessed for both Mechanical and Aerospace
Engineering Programs. As part of your design project you are required to fill out this form and
include it in your ME4800 Final Report, please include the page numbers where the questions
following are addressed.
Evaluation of student outcome “An ability to design a system, component, or process to meet
desired needs within realistic constraints such as economic, environmental, social, political
ethical, health and safety, manufacturability and sustainability”
1. This project involves the design of a system of three distinct processes, which takes plastic
waste, and grinds it into plastic chips, which are fed into a extrusion chamber which melts the
plastic and extrudes it as a circular diameter, this is then automatically spooled.
2.
The need: is a machine that allows it users to recycle failed 3D prints as well as
household plastics to create, in effect free, 3D printer filament.
3.
The constraints: The major constraints for this project revolves around the
environmental and sustainability of the project, as engineers creating a new product which has
the goal of helping people recycle, we wanted to make sure that our design not only
accomplished this goal, but that we used this philosophy in how we build our machine, that the
components sources did not contribute to a detriment of pollution. Secondly a economic
constraint was in place, as we predict the selling point of this machine for home use to be around
$200, so we needed to have a cost effective design. Lastly as we are creating a machine for home
use, safety was held in paramount, as we would never want a user of our machine to be injured.
4.

Is there a potential new patent in your design? Explain and compare to similar patents.

Although there may be potential for patents in the future, as this product is developed further, at
its current state, we see no reason to pursue patents. As stated later, this design accomplishes
some of the same task that the FilaStruder and Protocycler, both of which are patented entities,
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although our design goes above and beyond the functionality of both machines.

Form 2
Student completes
Assessment of Student Outcome #j
ME 4800
“A knowledge of contemporary issues” is listed in ABET General Criterion 3. Student
Outcomes as one of the student outcomes to be assessed for both Mechanical and Aerospace
Engineering programs. The Mechanical Engineering Faculty Members have defines a “A
knowledge of contemporary issues” as Contemporary issues are and issues that you on the news
related to new and old products and their safety, new innovations, technologies, standards and
regulations in general. As knowledge and application of new technologies or recent innovations,
satisfaction of the company’s existing customers, comparison of the proposed design with the
competitors’ products, well beings and performance of other employers, safety and legal issues,
new standards or recent product regulations, and possibility of product patent. As you work on
your senior design project, we ask you to answer the following questions. These questions will
guide you create the ideas needed to successfully complete your project and hence your ME4800
report. You are required to submit the completed form with your final proposal in ME 4890. In
your proposal and report, please include page references in response to each question below.
Evaluation of student outcome “A knowledge of contemporary issues”
1. Why is this project need now?
As 3D printing grows and is more integrated into home and educational use a major cost is the
filament, this is compounded by any waste the printer creates in support material as well as
deformed prints. Our solution seeks to use this this waste as well as recycled bottles to reduce the
cost of 3D printing.
2. Describe any new technologies and recent innovations utilized to complete this project
and how will it improve satisfaction of the company’s existing customers?
By utilizing 3D printed plastic parts of our design, we hope to reduce the cost of manufacturing
our device, while making this technology accessible to anyone.
3. If this project is done for a company – how will it expand their potential markets?
This is not done for a company.________________________________________________
How will it improve satisfaction of the company’s existing customers?
__________________________________________________________________________
__________________________________________________________________________
Identify the competitors for this kind of product, compared the proposal design with
the company’s competitors’ products.
Competitors for this project include the Filastruder which is under our target price point,
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although it only extrudes material and does not grind plastic. The Protocycler has all of the
grinder, extruder and coiler although it is three times our target price point._____________
4. How did you address any safety and/or legal issues pertaining to this project? (e.g.,
OSHA, EPA, Human Factors, etc.)
In the final prototype build we plan to develop a usable product for education and home use, so
safety of the customer is our top priority, so we plan to adhere to OSHA codes. _____________
5. Are there any new standards or regulations on the horizon that could impact the
development of the project?
We do not see any new regulations that would impact our design in the future._______________
6. Is there a potential for a new patent in your design? Please document related patents.
Although our design seeks to break into the market and undercut the competition by cost, we do
not foresee a need to patent our design. ______________________________________________

Form 3
Student completes
Assessment of Student Outcome # h
ME 4800
“An understanding of the impact of engineering solutions in a global, environmental and
societal context” is listed in ABET General Criterion 3. Student Outcomes as one of the student
outcomes to be assessed for both Mechanical and Aerospace Engineering Programs. As part of
your design project you are required to fill out this form and include it in your ME4800 Final
Report, please include the page numbers where the questions following are addressed.
Evaluation of student outcome “An understanding of the impact of engineering solutions in a
global, environmental and societal context”

1. Is this project useful outside of the United States? Describe why it is or not-provide
details.
This product is not limited to the US, it could be used anywhere in the world where there is
plastic, power, and a need for 3D printer filament.
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2. Does your project comply with U.S. and/or international standards or regulations?
Which standards are applicable?
Our project seeks to comply with US standards for machine design and household electronics as
seen in ISO 12100, Safety of Machinery – General principles for design – Risk assessment and
risk reduction, IEC 60335-2-64, Household and similar electrical appliances – Safety – Part 264: Requirements for commercial electric kitchen machines and ASTM F2792 – 12a, Standard
Terminology for Additive Manufacturing Technologies. Though make it noted that this is an
alpha prototype and may not comply with all of the above standards.
3. Is this project restricted in its application to specific markets or communities? To
which markets or communities?
Although this product seeks to be available to anyone, the market that we see having the largest
potential is the education and niche maker markets.
4. If the answer to any of the following is positive, explain how and, where relevant, what
were your actions to address the issues?
Design is focused on serving human needs. Design also can either negatively or positively
influence quality of life. Address the impact of your project on the following areas.
Air Quality?
___NONE_____________________________________________________________________
__________________________________________________________________
Water Quality?
___NONE_____________________________________________________________________
__________________________________________________________________
Food?
___NONE_____________________________________________________________________
__________________________________________________________________
Noise Level?
___NONE_____________________________________________________________________
__________________________________________________________________
Does the project impact:
Human health?
___NONE_____________________________________________________________________
__________________________________________________________________
Wildlife?
___NONE_____________________________________________________________________
__________________________________________________________________
Vegetation?
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___NONE_____________________________________________________________________
__________________________________________________________________
Does this project improve:
Human interaction?
Our project revolves heavily around sustainability. This can affect many different aspects of life
including the wellbeing of humans and health by recycling plastics instead of putting it in
landfills that pollute the earth. Unused or bad 3-D printed parts can be recycled along with
plastic bottles (PET).
Well-being?
___NONE_____________________________________________________________________
__________________________________________________________________
Safety?
___NONE_____________________________________________________________________
__________________________________________________________________
Others?
___NONE_____________________________________________________________________
__________________________________________________________________

Form 4
Student completes
Assessment of Student Outcome # i
ME 4790
A recognition of the need for, and ability to engage in life-long learning” as one of the
student outcomes for both mechanical and aeronautical engineering programs. As you develop
your proposal for your senior design project, we ask you start answering the following questions.
These questions will guide you in the development of ideas you need to include in your proposal
and final project reports, as well as guide you identify areas in which you need improved
proficiency. You are required to submit the completed form in the last appendix of your final
proposal report. A well-organized team brings necessary backgrounds and talents together that
are needed to successfully execute the design process. Each team member plays and important
role on the design team. Individual members must be prepared to gain any additional skills
necessary, and improve existing skills during project execution. Your response to the questions
below will be evaluated for your ability to convey the need for life-long learning and your ability
to be creative in recognizing the need and acquiring the requisite knowledge.
ME 4800
Mechanical and Aerospace Engineering Design Project
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For each team member:
NAME: Mackenzie Preston
1. List the skills you needed to execute your responsibilities on the project as outlined in
ME4800.
I believe that my experience in the automotive prototyping industry has aided our group in
keeping with timing as well as aiming for plausible designs. I am also the head of Innovation
Club, which has given me the chance to become very familiar with 3D printing and it pretrial
technologies, which has given me a network of people that supported me when I had difficulties
with design and fabrication.
2. Explain how you acquired or improved the skills needed for the completion of the
project
Through a combination of internships and my large engagement with Innovation Club, has given
me a wide variety of knowledge bases, both hands on and theoretical from which to draw.
3. Define skills you will personally need to strengthen to achieve the task at hand.
I personally need an in depth knowledge of PID control of systems, knowledge of capability
studies as well as strong troubleshooting skills. __________________
NAME: Christian Brower
1. List the skills you needed to execute your responsibilities on the project as outlined in
ME4800.
The main skills needed in this project were my SolidWorks design skills, fabrication technique
knowledge, engineering analysis skills, and basic electronic circuit knowledge.
2. Explain how you acquired or improved the skills needed for the completion of the
project
The fabrication technique knowledge and SolidWorks design skills obtained for this project were
largely obtained from an internship with a company that dealt with custom fabrication. Most of
the electronic circuit knowledge was obtained from the courses offered at Western Michigan
University. The electronic circuit knowledge was heavily improved because of the hands on
experience during this project.
3. Define skills you will personally need to strengthen to achieve the task at hand.
I personally need to strengthen my electronic motor and PID control knowledge. These skills
would immensely help the development of this project.
NAME: Andrew Aurand
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1. List the skills you needed to execute your responsibilities on the project as outlined in
ME4800.
The main skills needed in this project were my SolidWorks design, fabrication, and business
analysis.
2. Explain how you acquired or improved the skills needed for the completion of the
project
The SolidWorks design and fabrication skills acquired for this project were obtained from an
internship with a company that specialized in custom fabrication. The hands on experience
helped improve my knowledge of the testing products. Business analysis skills were obtained
through some classes at Western Michigan University and other business professionals.
3. Define skills you will personally need to strengthen to achieve the task at hand.
I personally need to strengthen my mechanical knowledge in the FEA analysis additive in
SolidWorks.

Resumes
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Mackenzie Preston
mackenzie.w.preston@wmich.edu
(269)-274-8635
Apt. #5 800 West South Street, Kalamazoo MI 49007

OBJECTIVE
Seeking a full time engineering position to utilize my education and enhance engineering experience

ACADEMIC BACKGROUND
Bachelor of Science in Engineering
May 2017
Western Michigan University
Major: Mechanical Engineering
Minor: Mathematics

Expected Graduation:
Average GPA 3.0

PROFESSIONAL EXPERIENCE
BENTELER Automotive – Galesburg, MI
– Present
Engineering Intern - Chassis
·
Supplier liaison
·
Drove timelines and supplier accountability
·
Trouble shot supplier issues
·
Assisted with product development
Hastings Manufacturing – Hastings, MI
Sept. 2015
Metallurgy Lab Technician
·
Completed microstructure analysis of iron castings and assorted failed parts
·
Generated lab work instructions
·
Implemented process improvements
Process Improvement
·
Assessed machine capability and output
·
Improved CNC Mills and Lathe efficiency
Marshall Country Club – Marshall, MI
2014- July 2015
Server and Bartender
·
Accurate, efficient order completion
·
Met deadlines for events and ensured customer satisfaction
·
Maintained a healthy and enjoyable environment

May 2016

May 2015 –

May

HONORS
Dean’s Scholarship – Recipient
Alpha Lambda Delta Honors Society Chapter – Member

PROFESSIONAL SKILLS AND ABILITIES
Course Work:
·
Engineering Graphics, Material Science, Statics, Dynamics, Mechanics of Materials, and Circuit Analysis,
Control Systems, Fluid Mechanics, Mechatronics, Mechanism Analysis, Machine Design
Technical:
·
Certified in Training for Basic Mill Programming, Advanced Mill Programing, Lathe Operator and Lathe
Programming from the Haas Factory Outlet.
·
Proficient in the use of: Microsoft Office, Database Management, Movie Editing, Photoshop, Sound Editing,
Social Media, SAP
·
Very knowledgeable in AutoCAD, SolidWorks, Maple, MATLAB, LABVIEW, MathCAD, ANSYS
- Participated in AutoCAD competition, placing in the top 10

EXTRACURRICULARS
Innovation Club Founder
Sunseeker Solar Car Team at WMU
Drive Safe Kalamazoo Volunteer

University Innovation Fellow
Gabel Natatorium Volunteer
Changling Lab Volunteer
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Andrew Aurand
aaurand@live.com
(248)-840-6049
1677 Hamman Dr. Troy, MI 48085
GPA: 3.36

OBJECTIVE
To gain a full time position in the field of mechanical engineering following graduation in May 2017.

ACADEMIC BACKGROUND
Bachelor of Science in Mechanical Engineering, Western Michigan University, Expected Graduation May 2017
Scholarship athlete on Western Michigan University football team 2012-2015

PROFESSIONAL SKILLS AND ABILITIES
Course Work:
 Robotics, Mechanism Analysis, Heat Transfer, Engineering Graphics, Material Science, Dynamics,
Mechanics of Materials, Fluid Mechanics, Thermodynamics, Control Systems, and Circuit Analysis
Technical:
 Proficient in: Microsoft Office, AutoCAD, Revit, Inventor, Maple, MATLAB, Solidworks, Labview

PROFESSIONAL EXPERIENCE
W. Soule – Kalamazoo, Michigan
May 2016-Present
CAD Intern
 Visit companies to identify a problem and use Solidworks to design a unique solution
 Translate Solidworks models into detailed drawings for fabrication
 Use project management skills to coordinate resources
Innovation Club – Kalamazoo, Michigan
September 2015-Present
Founder & Leadership Board Member
 Founded an organization with the goal of inspiring innovation at Western Michigan University
 Set up organization, develop business plans, develop marking team, & networking skills
Byce & Associates Inc. – Kalamazoo, Michigan
May 2015-April 2016
Mechanical Engineering Intern
 Use Autodesk AutoCAD and Autodesk Revit to create 2D and 3D models.
 Verify existing conditions in the field and enter findings into AutoCAD.
 Completed work for mechanical, electrical, structural, and architectural departments
Kalamazoo Parks & Recreation – Kalamazoo, MI
Summers 2013-2014
Park Maintenance
 Maintained over forty city parks including Kalamazoo Growlers field
 Used technical skills to repair and maintain equipment
Scotties Specialties – Troy, MI
2008- Present
Assistant Chef/Kitchen Manager
 Assisted head chef in food preparation and serving in the kitchen.
 Assisted in planning events and meeting with customers to ensure optimal experience.

HONORS
All MAC Academic Team – Honorable Mention
Troy Athens High School Student Athlete of the Year

Fall 2013
2012

EXTRACURRICULARS







Assistant Junior Varsity Football Coach at Vicksburg High School
Assistant leader on FCA mission trip to Jarabaco, Dominican Republic
First United Methodist Church of Troy Mission/ Group Work camps.
“I’ve Got Your Backs” Football Camps Marshall, Michigan.
Special Olympics Kalamazoo, Michigan
Fellowship of Christian Athletes

2016-Present
2016
2009-2011
2013
2013-Present
2012-Present
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Christian Brower
christian.k.brower@wmich.edu

Cell: (616)-260-4175

Objective
Motivated individual seeking a Mechanical Engineering position with a company offering strong communication
and CAD skills to benefit the company quality and workspace

Education
Bachelor of Science
Western Michigan University | Lee Honors College
Major: Mechanical Engineering Minor: Mathematics

Expected Graduation: April 2017
Kalamazoo, MI
GPA: 3.67

Undergraduate Research Assistant CAViDS
May 2016 – Present
Western Michigan University | Kalamazoo, MI
• Evaluate the accuracy of models used to predict coefficients of friction for gearbox applications

Work Experience
Quality Control Detail Intern
May 2016 – September 2016
W. Soule | Kalamazoo, MI
• Drew pipe controls from isometric drawings for fabrication, 100% traceability, and customer specification
• Designed pressure vessels to ASME code standards using Compress
• Estimated projects to receive the job and begin design and drawings for piping and pressure vessels
CAD Intern
May 2015 – April 2016
W. Soule | Kalamazoo, MI
• Drew various size steel platforms ($1,000,000 project) in SolidWorks in order for companies to be able to fit their
equipment, employers, or maintenance around machines or job sites
• Designed accessories like gate systems, equipment stands, and tables specifically for platforms in order to be more
efficient and save time
• Exchanged information with project managers, engineers, and journeymen in order for a project to be successfully
built according to the engineering specs, OSHA standards, and fabrication techniques
Resident Assistant
August 2014 – April
2015
Haworth College of Business Learning Community | Western Michigan University
• Enforced policy and responded to crises to provide safety for over 400 residents
• Resolved conflicts and role modeled to help first year students grow and mature
• Communicated with staff to make sure residents had a safe and fun experience
• Organized programs about sustainability to create community and instill knowledge to over 50 residents
Foremen/Team Leader
Sanderson & DeHaan Irrigation | Portage, MI
• Promoted to foremen for leadership and managing skills within 2 months
• Coordinated a team consisting of 3 to 6 diverse workers to make the work load run smooth
• Developed a daily plan to complete 3 to 5 yards in a timely fashion
• Adhered to safety protocols and proper use of industrial equipment

May - August 2014

Technical Skills
Proficient in AutoCAD, SolidWorks, AcornPipe, Compress, MathCAD, and Microsoft Office

Volunteer Experience/Accomplishments
President | Tau Beta Pi | Engineering Honors Society
Leadership Opportunity | Mattawan Young Life
• Plan meetings for students to bond and have fun
• Connect and mentor students in order to help them through hardships and spiritual conflicts
Study in the States | Texas Tour (Professional Development)
Sophomore Experience | Professional Development
Volunteer | Habitat for Humanity
Volunteer | World Renew Mission Trip

2016 – Present
2013 - 2015

2016
2015
2013
2012

